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Data collection 

Nonius KappaCCD area-detector 

diffractometer 
Absorption correction: gaussian 

(Coppens, 1970) 

7mi„ = 0.791, r max = 0.886 

Refinement 

R[F 2 > 2a(F 2 )] = 0.059 

wR(F 2 ) = 0.151 

S = 0.97 

4502 reflections 



9948 measured reflections 
4502 independent reflections 
3232 reflections with I > 2a(l) 
R<„, = 0.052 



262 parameters 

H-atom parameters constrained 
A/w = 0.48 e A~ 3 
Ap mi „ = -1.22 e A~ 3 
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In the title co-crystal, [Fe(C 5 H 5 )(C 7 H 6 C10)][Fe(C 5 H5)- 
(C7H7O)], both substituted ferrocene molecules show the 
expected sandwich structure. The crystal packing exhibits 
weak intermolecular CI- ■ -CI contacts of 3.279 (4) A, tt-jt 
interactions between the substituted Cp rings of two 
neighbouring 2-chloro-l-ferrocenylethanone molecules 
[centroid-centroid distance = 3.534 (3) A], and weak inter- 
molecular C— H- ■ O and C— H- ■ CI hydrogen bonds. 

Related literature 

The simple preparation of 2-chloro-l-ferrocenylethanone was 
described previously by Ferreira et al. (2009). For the crystal 
structures of ferrocenyl complexes of the type 
[FeCp(C 5 H 4 COi?)], where Cp is 77 5 -C 5 H 5 and R is CH 3 or 
CH 2 I, see: Sato et al. (1984); Khrustalev et al. (2006); McAdam 
et al. (2006). For the use of acylferrocenes as catalysts for the 
autoxidation of alkyd resins, see: Stava et al. (2007); Kalenda et 
al. (2010). 
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Experimental 

Crystal data 

[Fe(C 5 H 5 )(C 7 H 5 C10)]- 
[Fe(C 5 H 5 )(C 7 H 7 0)] 
M r = 490.56 
Monoclinic, P2/c 
a = 15.2981 (11) A 
b = 5.7338 (3) A 
c = 24.4051 (12) A 



ft = 112.031 (7)° 
V = 1984.5 (2) A 3 
Z = 4 

Mo Ka radiation 
p, = 1.62 mm -1 
T = 150 K 

0.15 x 0.10 x 0.08 mm 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H- - A 


D-H 


H-A 


D- ■ A 


D-H- - A 


C4-H4- ■ 02' 


0.93 


2.51 


3.333 (6) 


148 


C14-H14- ■ 02" 


0.93 


2.63 


3.424 (6) 


144 


C20-H20- ■ Cll 


0.93 


2.76 


3.602 (8) 


152 



Symmetry codes: (i) x, —y -\-Z,z — k 00 X, y — 1, z. 



Table 2 

Selected geometric parameters (A, °). 



Cgl, Cg2, Cg3 and Cg4 are the centroids of the C1-C5, C8-C12, C13-C17 and 
C20-C24 rings, respectively. 



2-Chloro-l-ferrocenylethanone 




Acetylferrocene 




Fel- ■ -Cgl 


1.643 (1) 


Fe2- ■ Cg3 


1.646 (2) 


Fel- ■ Cg2 


1.648 (2) 


Fe2- ■ -Cg4 


1.653 (3) 


Cgl- ■ Fel- ■ Cg2 


178.06 (11) 


Cg3- ■ Fe2- ■ Cg4 


179.11 (15) 



Data collection: COLLECT (Hooft, 1998); cell refinement: 
DENZOISCALEPACK (Otwinowski & Minor, 1997); data reduc- 
tion: DENZOISCALEPACK; program(s) used to solve structure: 
SIR92 (Altomare et al., 1994); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: PLATON (Spek, 
2009); software used to prepare material for publication: enCIFer 
(Allen et al, 2004). 

Financial support from the Czech Science Foundation (GA 
104/09/0529) and the Ministry of Education, Youth and Sports 
of the Czech Republic (MSM 0021627501) is gratefully 
acknowledged. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5144). 
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Acetylferrocene-2-chloro-l-ferrocenylethanone (1/1) 
M. Erben, J. Vinklarek and A. Ruzicka 

Comment 

Substituted ferrocenes belong to well known class of organometallic compounds that are currently studied as catalysts, 
in drug design, as building blocks in material engineering or in nanotechnology. Recently, we have shown that ferrocene 
complexes bearing electron-withdrawing acyl substituents at the cyclopentadienyl (Cp) ring could be used as driers for 
autoxidation of alkyd resins (Stava et al., 2007; Kalenda et al., 2010). During our investigation of drying activity of ferrocene 
derivatives we prepared various stock solutions containing a mixture of acylferrocenes. From the mixture of acetylferrocene 
and 2-chloro-l-ferrocenylethanone in cyclohexane crystals of the title compound (I) were grown. Herewith we present 
crystal structure of (I). 

The asymmetric unit of (I) contains one molecule of acetylferrocene and one molecule of 2-chloro-l-ferrocenylethanone. 
Molecule of acetylferrocene has geometrical parameters very close to that reported for acetylferrocene by Sato et al. (1984) 
and by Khrustalev et al. (2006), see Table 1. 

2-Chloro-l-ferrocenylethanone has a structure typical for monosubstituted ferrocene with almost eclipsed Cp rings. The 

dihedral angle CI — Cg\ — Cg2 — C8 was found to be 2.2 (4)°. Carbonyl sp atom C6 is slightly displaced from the Cp ring 
plane toward the Fe atom, with an angle of 3.0 (3)° between CI — C6 bond and the ring plane. The shortening of single 
bond length CI— C6 to a value of 1.459 (7) A together with elongation of double bond C6=01 [1.221 (6) A] indicate 
significant conjugation of carbonyl substituent with adjacent Cp ring 7i-system. These values are similar to those observed 
for 2-iodo-l-ferrocenylethanone (McAdam et al, 2006). 

Substituted Cp ring of molecule 2-chloro- 1 -ferrocenylethanone at (x, y, z) is coplanar with substituted Cp ring of molecule 
at (-x, 2 - y, -z) with the distance between the centroids of 3.534 (3) A. Thus molecules of 2-chloro-l-ferrocenylethanone 
form pairs due to stacking. Simultaneously, the molecule at (x, y, z) show C — CI- - CI — C contact to the molecule at 

(-x, y, V 2 -z) with the Cl-Cl distance of 3.279 (4) A giving infinite wires of 2-chloro-l-ferrocenylethanone molecules along 
the c axis. Molecular wires of 2-chloro-l-ferrocenylethanone are connected with molecules of acetylferrocene via weak 
C — H—02 and C — H - Cll hydrogen bonds (Table 2) giving observed three-dimensional structure. 

Experimental 

Red crystals of (I) suitable for X-ray diffraction analysis were grown by slow evaporation of cyclohexane solution contain- 
ing acetylferrocene (purchased from Sigma Aldrich) and 2-chloro-l-ferrocenylethanone in 1 : 1 molar ratio. The 2-chloro-l- 
ferrocenylethanone has been prepared from ferrocene and chloroacetyl chloride following method of Ferreira et al. (2009). 
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Figures 




Fig. 1. A content of asymmetric part of (I), showing 50% probability displacement ellipsoids 
and the atom-numbering scheme. 



acetylferrocene-2-chloro-1 -ferrocenylethanone (1/1) 



Crystal data 

[Fe(C5H5)(C 7 H 6 C10)][Fe(C 5 H 5 )(C 7 H 7 0)] 

M,- = 490.56 

Monoclinic, P2/c 

Hall symbol: -P 2yc 

a = 15.2981 (11) A 

6 = 5.7338 (3) A 

c = 24.4051 (12) A 

(3= 112.031 (7)° 

V= 1984.5 (2) A 3 
Z=4 



^(000) = 1008 

D x = 1.642 MgnT 3 

Melting point: 350 K 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9981 reflections 

6= 1-27.5° 

= 1.62 mm 1 
T= 150 K 
Block, red 

0.15x0.10x0.08 mm 



Data collection 



Nonius KappaCCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 9.091 pixels mm" 1 

cp and co scans to fill the Ewald sphere 

Absorption correction: gaussian 

(Coppens, 1970) 

r min = 0.79 l,r max = 0.886 

9948 measured reflections 



4502 independent reflections 

3232 reflections with / > 2a(I) 
0.052 

©max ~~ 27.5 , 9 m in ~~ 2.7 

£ = -18^19 



k = -5->7 
/ = -21^31 



Refinement 



Refinement on F 



Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.059 



wR(F l ) = 0.151 

5 = 0.97 

4502 reflections 
262 parameters 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (Fo 2 ) + (0.063P) 2 + 9.3 142P] 
where P = (F 0 2 + 2F c 2 )/3 
(A/a) max < 0.001 

Apmax = 0.48 e A~ 3 
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0 restraints Ap min = - 1 .22 e A 

Special details 

Experimental. Melting point: 349-350 K. Spectroscopic analysis: IR (diamond ATR, cm" 1 ): 3097 (m), 2955 (m), 2916 (s), 2848 (s), 
1673 (m), 1660 (m, sh), 1652 (versus), 1451 (m), 1408 (w), 1374 (s), 1356 (m), 1278 (versus), 1240 (m), 1103 (m), 1066 (w), 1038 (m), 
960 (w), 892 (m), 848 (w), 819 (versus), 720 (m), 668 (w), 618 (s), 593 (w), 531 (5), 494 (s), 480 (verms), 458(s). 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *ITJ 


Fel 


0.22439 (4) 


0.81308 (10) 


0.05785 (3) 


0.01538 (18) 


Fe2 


0.36043 (5) 


0.35801 (11) 


0.34458 (3) 


0.01683 (18) 


Cll 


0 081 71 CI 6 s ) 


0 881 1 (41 


0 221 70 (91 


0 0682 f61 


Ol 


0.1117(3) 


1.2154 (6) 


0.13777 (18) 


0.0347 (9) 


C10 


0.3214(3) 


0.5641 (8) 


0.0624 (2) 


0.0215 (10) 


H10 


0.3124 


0.4388 


0.0367 


0.026* 


CI 


0.1050 (3) 


0.9508 (8) 


0.0629 (2) 


0.0199 (10) 


C2 


0.0869 (3) 


0.7242 (8) 


0.0358 (2) 


0.0195 (10) 


H2 


0.0652 


0.5943 


0.0497 


0.023* 


02 


0.1710(3) 


0.6485 (6) 


0.38637 (19) 


0.0358 (9) 


C12 


0.3591 (3) 


0.9268 (8) 


0.1048 (2) 


0.0228 (10) 


H12 


0.3785 


1.0814 


0.1117 


0.027* 


C14 


0.3080 (3) 


0.1198 (8) 


0.3857 (2) 


0.0222 (10) 


H14 


0.2677 


-0.0025 


0.3674 


0.027* 


C18 


0.1843 (3) 


0.4500 (9) 


0.3721 (2) 


0.0238 (10) 


C3 


0.1083 (3) 


0.7360 (9) 


-0.0156(2) 


0.0231 (10) 


H3 


0.1021 


0.6144 


-0.0421 


0.028* 


C13 


0.2802 (3) 


0.3504 (8) 


0.3943 (2) 


0.0198 (10) 


Cll 


0.3566 (3) 


0.7881 (9) 


0.0558 (2) 


0.0211 (10) 


Hll 


0.3748 


0.8349 


0.0251 


0.025* 


C15 


0.4080 (4) 


0.1097 (9) 


0.4101 (2) 


0.0259 (11) 


H15 


0.4448 


-0.0204 


0.4110 


0.031* 


C5 


0.1390 (3) 


1.0972 (8) 


0.0278 (2) 


0.0226 (10) 


H5 


0.1564 


1.2530 


0.0352 


0.027* 


C9 


0.3028 (3) 


0.5646 (8) 


0.1146(2) 


0.0235 (11) 


H9 


0.2792 


0.4401 


0.1293 


0.028* 


C17 


0.3638 (3) 


0.4823 (8) 


0.4241 (2) 


0.0204 (10) 


H17 


0.3666 


0.6379 


0.4354 


0.024* 
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0.3632 


0.7901 


0.3047 
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0.4093 (4) 
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H22 


0.4464 
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0.2799 
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C20 
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0.0453 (17) 


H20 


0.2192 


0.5413 


0.2526 
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Atomic displacement parameters (A 2 ) 





U u 


U 22 


t/ 33 


U 12 


C/ 13 


c/ 23 


Fel 


0.0120 (3) 


0.0136(3) 


0.0193 (4) 


0.0013 (2) 


0.0044 (3) 


0.0008 (3) 


Fe2 


0.0177 (3) 


0.0177 (3) 


0.0147 (3) 


-0.0025 (3) 


0.0056 (3) 


-0.0002 (3) 


Cll 


0.0756 (14) 


0.0759 (13) 


0.0513 (11) 


0.0204(11) 


0.0220 (10) 


-0.0051 (10) 


Ol 


0.031 (2) 


0.030 (2) 


0.040 (2) 


0.0007 (16) 


0.0092 (17) 


-0.0108 (18) 


C10 


0.014(2) 


0.023 (2) 


0.025 (3) 


0.0067 (18) 


0.0044 (19) 


-0.003 (2) 


CI 


0.013 (2) 


0.019 (2) 


0.026 (3) 


0.0046(18) 


0.0057 (19) 


0.001 (2) 


C2 


0.012(2) 


0.017(2) 


0.029 (3) 


-0.0045 (17) 


0.0077 (19) 


-0.002 (2) 


02 


0.033 (2) 


0.027 (2) 


0.054 (3) 


0.0020 (16) 


0.024 (2) 


-0.0088 (18) 


C12 


0.012(2) 
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C14 


0.025 (3) 
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0.009 (2) 
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0.016(2) 


0.033 (3) 


0.0019(17) 


0.002 (2) 


0.008 (2) 


C9 


0.013 (2) 


0.020 (2) 


0.032 (3) 


0.0011 (18) 


0.003 (2) 


0.008 (2) 


C17 


0.028 (3) 


0.018(2) 


0.017(2) 


-0.0087 (19) 


0.010(2) 


-0.0028 (19) 


C8 


0.016(2) 


0.034 (3) 


0.016(2) 


0.006 (2) 


0.0000 (19) 


0.001 (2) 


C4 


0.017(2) 
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0.003 (2) 


0.007 (2) 
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— U.UZ4 (j ) 


A A 1 A 

U.U1U (2) 


A AA£ rf"2"\ 

U.UU6 ) 


C21 


a a a a //l \ 

U.U49 (4) 


a A/i /; 

0.046 (3) 


A AT 1 n\ 

0.021 (3) 


A A 1 A /T\ 
U.U 1 9 (3) 


A A 1 /I /1\ 

U.U14 (3) 


A A1 A /T\ 
U.U 1 U (3) 


C6 


0.012(2) 


0.025 (3) 


0.031 (3) 


0.0035 (19) 


0.006 (2) 


0.000 (2) 


C19 


0.023 (3) 


0.039 (3) 


0.037 (3) 


-0.004 (2) 


0.008 (2) 


-0.010 (3) 


C24 


0.138(8) 


0.018(3) 


0.034 (3) 


0.001 (4) 


0.055 (4) 


0.004 (3) 


C22 


0.044 (3) 


0.042 (3) 


0.036 (3) 


0.006 (3) 


0.027 (3) 


0.006 (3) 


C20 


0.039 (3) 


0.073 (5) 


0.025 (3) 


0.019(3) 


0.013 (3) 


0.025 (3) 



Geometric parameters (A, °) 



Fel — CIO 


2.032 (5) 


C14 — C13 


1.428 (6) 


Pel — C2 


2.031 (4) 


C14 — H14 


0.9300 


Fel — C9 


2.035 (5) 


C18 — C13 


1 474 (7) 


Fel — ci 


2.036 (4) 


C18 — C19 


1 499 (7) 

± .-r J J \ i } 


Fel — C8 


2.048 (5) 


C3 — C4 


1 .422 (7) 


Fel— C5 


2.044 (5) 


C3— H3 


0.9301 


Fel — C3 


2.043 (5) 


C13 — C17 


1.428 (6) 


Fel — C12 


2.053 (5) 


Cll — Hll 


0.9299 


Fel — CI 1 


2.047 (4) 


C15 — C16 


1 .424 (7) 


Fel — C4 


2.050 (5) 


C15 — H15 


0.9300 


Fe2 — C20 


2.032 (6) 


C5 — C4 


1 .407 (7) 


Fe2 — C24 


2.023 (6) 


C5 — H5 


0.9300 


Fe2 — CI 3 


2.025 (5) 


C9 — C8 


1 .420 (7) 


Fe2 — C21 


2.037 (5) 


C9 — H9 


0.9301 


Fe2 — C14 


2.031 (5) 


C17 — C16 


1 414 (7) 

L .-T L-T y ! f 


Fe2 — C23 


2.038 (5) 


C17 — H17 


0.9300 


Fe2 — C22 


2.046 (5) 


C8 — H8 


0.9300 


Fe2— C17 


2.049 (5) 


C4— H4 


0.9299 


Fe2— CI 6 


2.055 (5) 


C16— H16 


0.9299 


Fe2— C15 


2.058 (5) 


C7— C6 


1.519 (7) 


Cll— C7 


1.693 (6) 


C7— H7A 


0.9699 


Ol— C6 


1.222 (6) 


C7— H7B 


0.9700 


C10— C9 


1.405 (7) 


C23— C22 


1.400 (9) 


C10— Cll 


1.426 (7) 


C23— C24 


1.407 (10) 


C10— H10 


0.9299 


C23— H23 


0.9300 


CI— C5 


1.430 (7) 


C21— C22 


1.372 (8) 


CI— C2 


1.437 (6) 


C21— C20 


1.374 (9) 


CI— C6 


1.458 (7) 


C21— H21 


0.9300 


C2— C3 


1.413 (7) 


C19— H19A 


0.9600 


C2— H2 


0.9299 


C19— H19B 


0.9600 


02— CI 8 


1.229 (6) 


C19— H19C 


0.9601 


C12— C8 


1.421 (7) 


C24— C20 


1.429 (10) 


C12— Cll 


1.426 (7) 


C24— H24 


0.9300 


C12— H12 


0.9300 


C22— H22 


0.9300 


C14— C15 


1.419(7) 


C20— H20 


0.9300 


CIO— Fel— C2 


120.04(19) 


C15— C14— C13 


108.1 (4) 


CIO— Fel— C9 


40.4 (2) 


CI 5— CI 4— Fe2 


70.7 (3) 
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PO T7„i pn 

Cz — rel — cy 


ini no ( 1 n\ 

loo.yy (iv) 


Pin r\, i ni 
CIU — rel — CI 


1 c~7 1 1 n\ 
15 /.31 (iy) 


PI T7„1 P1 

Cz — rel — CI 


a 1 i o / 1 n\ 
41.35 (IV) 


nn T7„1 P1 

CV — rel — CI 


122. y (2) 


pin rr , . i pp 

C1U — rel — Co 


06.3 (2) 


PO TTc 1 PO 

Cz — rel — Co 


124. / (2) 


pn T7„1 PO 

Cv — rel — Co 


/in H /">\ 

4U. / (2) 


PI T7 a 1 PQ 

Cl — rel — Co 


1 no 0 /OA 

IUy.2 (2 j 


pi A C . 1 PC 

CIU — rel — Cj 


i->y.2 (2) 


PI I?,, 1 PC 

Cz — rel — Cj 


£n to / 1 o\ 
by. 26 (16) 


Pfl 17^1 PC 

Cv — rel — Cj 


1 cn a 
i5y.4 (2) 


P 1 T7,t 1 PC 

Cl — rel — Cj 


/i 1 m /■ 1 n\ 

41.U3 (iy) 


PQ T7,t 1 PC 

Co — rel — Cj 


123.6 (2) 


P 1 A IT , « 1 PQ 

CIU — rel — Cj 


105.5 (2) 


PI T7„1 PI 

Cz — rel — C3 


AC\ £. 

40.0 (2) 


Pfl 17^1 PI 

CV — rel — Cj 


122.6 (2) 


PI C1 PI 

Cl — rel — Cj 


/:o c 
06.5 (2) 


PO 17^1 PI 

Co — rel — Cj 


i /:n i 
iOU.3 (2) 


PC T7 a 1 PI 

Cj — rel — Cj 


/TO 1 /^X 

06.3 (2) 


P 1 A T7 „ 1 P11 

C1U — rel — Clz 


/;o a "7 / 1 n\ 

06.4/ (iy) 


po T7 a i pn 
Cz — r e 1 — C 1 z 


i £ i n n\ 
iOi.y (2) 


PQ T?„ 1 p11 

Cv — rel — Clz 


/TO 1 1 / 1 Q\ 

06.31 (iyj 


P| T7 a 1 PI 1 

C l — r e l — C l z 


ne i£ ( 1 o\ 
123.30 (iyj 


pO T7 „ 1 PIT 

Co — rel — Clz 


40.6 (2) 


PC T7,-. 1 PIT 

Cj — rel — Clz 


1 no a a { 1 n\ 
106.04 (iy) 


PQ T7_ 1 P 1 O 

Cj — rel — Clz 


130. / (2) 


pi A T? _ 1 P 1 1 

C1U — rel — Cl 1 


/in n o\ 
4U.y (2) 


PI T7 „ 1 P 1 1 

Cz — rel — Cl 1 


irr eft ( i n\ 

ijj.jy (iy) 


pn T?„ i p 1 1 

cy — rel — Cl l 


/;o /ii / 1 n\ 

06.43 (iy) 


P| T7 a 1 P 1 1 

C 1 — r e 1 — C 1 1 


loi.u/ (iyj 


PO 1 pi 1 

Co — rel — Cl 1 


06.4 (2) 


PC 1 pi 1 

Cj — rel — Cl 1 


123.43 (iy) 


PQ T7„ 1 P 1 1 

Cj — rel — Cl 1 


1 in i 
12U.3 (2) 


pn rr , -i p 1 1 

Clz — rel — Cl 1 


Art /:n / 1 n\ 

4u.oy (iy) 


p i p. rr x 1 p a 

CIU — rel — C4 


122.5 (2) 


PO TTc 1 P/| 

Cz^ — r e l — C4 


OS. /i i^iyj 


PQ T7 a 1 P/1 

Cv — r e 1 — C4 


156. y (2 ) 


P 1 T7 a 1 P/1 

C 1 — r e 1 — C4 


/TO H / 1 Q\ 

06.33 (iyj 


PO 17^1 P/1 

Co — rel — C4 


156.4 (2) 


p C T7 „ 1 P/1 

Cj — rel — C4 


/in i 
4U.2 (2) 


PQ T7„1 P/1 

Cj — rel — C4 


/in /;c /i n\ 

4U.05 (iy) 


pi O t? _ 1 P/1 

Clz — rel — C4 


1 n n 
122.0 (2) 


Pi i rr , x 1 p/i 

Cl 1 — rel — C4 


1 n/; c 
IUo.5 (2) 


pifl T~ _ "> P^> A 

CzU — rez — Cz4 


41.3 (3) 


C20— Fe2— C13 


108.2 (2) 


C24— Fe2— C13 


122.7 (3) 


C20— Fe2— C21 


39.5 (3) 


C24— Fe2— C21 


67.7 (3) 


C13— Fe2— C21 


124.3 (2) 



P 1 1 P 1 /I IT , «"> 

C 1 j — C 1 4 — r ez 


£fi 1 fi\ 
oy.i (j) 


P1C PI /I TJ1/1 

Cl j — C14 — rl!4 


1 OC fl 

izj.y 


PI 1 pi /I TT1 /| 

Cl 3 — C14 — rl!4 


1 O/i 1 

lzo.1 


T^aT P 1 /I TT 1 A 

r ez — C 1 4 — rl 1 4 


IZj.j 


p.o pi o pn 
Uz — C 1 o — C 1 j 


1 OP1 o /c\ 

IzU.z (j) 


p.o p 1 o pin 

uz — c i o — c i y 


1 O 1 c /c\ 
IZl.J {J) 


pi i pio pin 

c i j — c i o — c i y 


I 1 O 1 //1\ 

II o.J (4) 


P/1 PQ PO 

C4 — Cj — Cz 


1 PIO 1 (A \ 

lUo./ (4) 


P/1 PQ T7„1 

C4 — Cj — rel 


£fl fl (1\ 

oy.y (j) 


PO PI C„ 1 

Cz — Cj — r e 1 


by. 5 {5) 


P/1 PQ TJI 

C4 — Cj — rli 


1 OC H 

1ZJ. / 


PO PI IT 1 

Cz — Cj — rlJ 


1 OC *7 
1ZJ. / 


TT,, 1 PQ TTQ 

rel — Cj — rlj 


1 0£ o 

Izo.o 


pn pn pi/i 
Cl / — C1j — C14 


1 Pl*7 0 ( A\ 
lU/.O (4) 


pn p i q p 1 o 
Cl / — C1j — Clo 


1Z4.U (4 ) 


P1/1 PI 1 PIO 

C 1 4 — C 1 J — C 1 o 


1 0*7 fl ( A \ 

Yii .y (4) 


pn p 1 1 rr , «"> 
C 1 / — C 1 J — r ez 


*7P1 A 
/U.4 (j) 


P 1 /l pn T7^,0 

C 14 — C 1 j — r ez 


/ifl £ P3\ 

oy.o (j) 


P 1 O P 1 1 Cl 

C 1 o — C 1 J — r ez 


1 O 1 PI (1 \ 

IZl.U (J) 


pn P11 pin 
Clz — Cl 1 — C1U 


1 no A ( A \ 

10/. 4 (4) 


p 1 O p 1 1 T7 a l 

Clz — Cl 1 — rel 


/^n n 

oy.y (j ) 


p i pi p 1 1 t?„ 1 

C1U — Cl 1 — rel 


/tq n po\ 

oy.u (z j 


p 1 O p 1 1 

Clz — Cl 1 — rll 1 


1 OA Q 

IZo.J 


Pin P11 it 1 1 
C1U — Cl 1 — rll 1 


1 O/i 1 
IZO.J 


17^. 1 P 1 1 Till 

rel — Cl 1 — rll 1 


1 O/i 

Izo.o 


P1/1 P1C PU 

C 14 — C 1 j — C 1 o 


1 no o (a \ 
lU/.O (4) 


P 1 A P 1 C T~\ «") 

C 14 — C 1 j — r ez 


/"O o P3\ 

00. / (3) 


PU P 1 C IT , 

C 1 o — C 1 j — r ez 


oy.o (j) 


P1/1 P1C IT 1 C 

C 1 4 — C 1 j — rl 1 j 


1 O/i o 

Izo.z 


PU P1C TT 1 C 

C 1 0 — C 1 J — rl 1 j 


1 o/: n 
IZO.U 


17 , x ~> pi c I I 1 c 

r ez — C 1 J — rl 1 j 


1 OO /l 

12 / .4 


P/1 PC P 1 

C4 — Cj — Cl 


1 no n (a \ 
lU/.y (4) 


P/1 PC 17^1 

C4 — C j — r e 1 


on 1 /"3\ 

70.1 (3) 


pi pc T7a1 

Cl — Cj — rel 


Oy.2 (2 j 


P/1 PC II c 

C4 — Cj — rlJ 


1 t/: n 
120.0 


P 1 PC TIC 

Cl — Cj — rlJ 


1 1 

120.1 


T7,, 1 PC TIC 

rel — Cj — rlj 


1 t/; o 
120.6 


p i pi pn po 

ciu — cy — Co 


i no A { A\ 
106.4 (4) 


pm pn T?„ i 

C 1 U — cy — r e 1 


/;n n li \ 
oy. / (3) 


po pn T7 „ i 

Co — cy — r e 1 


/0.2 (3) 


p i pi pp\ i m 

ciu — cy — riy 


1 n 
125.y 


PO Pfl 1 1(1 

Co — cy — riy 


125.0 


I?,, i pn on 

rei — cy — riy 


1 TC O 

125.6 


C16— C17— C13 


107.8 (4) 


C16— C17— Fe2 


70.1 (3) 


C13— C17— Fe2 


68.5 (3) 


C16— C17— H17 


126.0 


C13— C17— H17 


126.2 


Fe2— C17— HI 7 


126.6 
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CZU — r eZ — C 1 4 


ill. 5 (2) 


CZ4 — reZ — C14 


iro n ^1 \ 

lD6.y (3) 


p 1 q T7„o PI -1 

CI 3 — reZ — C14 


/l 1 l/i / 1 n\ 
41.24 (IV) 


CZ 1 — r eZ — C 1 4 


1 no n / 1\ 
1U6.U (2 ) 


Pin rr _ ~> po "5 
CZU — reZ — CZ3 


/:o n n\ 
06. U (3) 


CZ4 — r eZ — CZ3 


/in ^ 
4U. J (3 ) 


p 1 -t TT„1 PT) 

CI 3 — reZ — CZ3 


iro -T /->\ 
DS. / (2) 


ni T7„'> ptj 
CZ1 — reZ — CZ3 


D/.l (2) 


C14 — reZ — CZ3 


1 C O O 

135.6 (i) 


CZU — reZ — CZZ 


66.6 (i) 


PO A t?„o P11 

CZ4 — r eZ — CZZ 


6/. 6 (3) 


pi i rr . « ~> pn 
CI 3 — reZ — CZZ 


1 cn /; ("t\ 
ISy.D (2) 


pi i rr . « "> pn 
CZ1 — reZ — CZZ 


3y.3 (2) 


p i /i rr , . "> pio 
C14 — reZ — CZZ 


123.1 (2) 


PTI T7 a '> rOO 

CZ3 — r eZ — CZZ 


/in i 

4U. 1 (3) 


Pin pi n 

CZU — reZ — CI / 


125.1 (2) 


P1 .1 T7 „1 PH 

CZ4 — reZ — CI / 


1 n-7 n 
11) /.y (2) 


pi i rr pn 

Cl 3 — reZ — Cl / 


/I 1 C\A 1 1 0\ 

41.U4 (16) 


P1 1 r- p i -7 
CZ1 — reZ — Cl / 


lOU.y (2) 


p i /i rr , . ■> p i *7 
C14 — reZ — Cl / 


/;o on f 1 n\ 

06. sy (iy) 


PI 1 17.") PIT 

CZ3 — reZ — Cl / 


122.0 (2 J 


p-)-> rr^,") pin 

CZZ — rez — Cl / 


1 co 0 /OA 

136.2 (2 j 


CZU — r eZ — C 1 o 


i zri n /"JA 
101 .U (3j 


P1 < rr.«~) pi/: 

CZ4 — r eZ — C 1 o 


123.3 (3) 


pi i rr , « "> pi / 

C13 — reZ — Clo 


/;o c 
06. J (2) 


P1 1 rr .~> pi/: 

CZ1 — reZ — Clo 


13 / . / (2) 


p i /i rr . « "> pi / 

C14 — reZ — Clo 


/CO A /">\ 

06.4 (2) 


P1 i rr . « ~> pi / 
CZ3 — r eZ — C 1 o 


1U /.6 (2) 


CZZ — r eZ — C 1 o 


122. y (2) 


pi n rr^>~) p 1 

Cl / — reZ — Clo 


4U.3 (2) 


p 1 p, T7„o p| f 

CZU — r eZ — C 1 j 


ID /.4 (3) 


PO /I T7„o p| c 

CZ4 — r eZ — C 1 J 


oy.4 (3) 


p 1 Q T7 „1 pi C 

C13 — reZ — Cl j 


/;o "7 

06. / (2) 


P1 1 rr .~> pi r 

CZl — reZ — Cl j 


122.5 (2) 


p i /i rr , . ~> pic 

C14 — reZ — Cl j 


/in iCi { 1 n\ 

4u.oi (iy) 


PTJ 17 .") pi f 

CZ3 — r eZ — C 1 j 


i ii i /i\ 

123.1 \2) 


POO T7 a O P 1 C 

CZZ — r eZ — C 1 j 


1 n7 Q 

iu /.y (2 j 


p i -7 rr pi r 
Cl / — reZ — Cl j 


/;o i 
06.2 (2) 


pi/: rr , . "> pic 
Clo — reZ — Cl D 


/in c f)\ 
4U.5 (2) 


pn pin p 1 1 
CV — C1U — Cll 


i no A / A\ 
1U6.4 (4) 


pn pin ci 
CV — C1U — rel 


/:n n n\ 
oy.y (3) 


pi i p 1 n rr , « 1 

Cl 1 — C1U — rel 


"7n 1 n\ 
/U.l (3) 


pn pin 1 1 1 n 

cy — c i u — h i u 


125.6 


P11 pi a Tun 
Cl 1 — C1U — H1U 


125.8 


Fel— CIO— H10 


125.9 


C5— Cl— C2 


107.8 (4) 


C5— Cl— C6 


125.6 (4) 


C2— Cl— C6 


126.4 (4) 


C5— Cl— Fel 


69.8 (3) 



Cy — C6 — C 1 2 


1 n*7 O (A \ 
lU/.o (4) 


r^n r^o ir^i 
Cy — C6 — r e 1 


OV.Z (3) 


C 1 2 — C6 — r e 1 


/n n 

oy.y (3) 


t~*Q t~"Q no 

cy — C6 — Ho 


1 T/^ 1 

izo.i 


po xjo 
C 1 2 — to — rl6 


IZo.l 


r~ i po XJO 

Fel — C6 — us 


IZo.o 


r^c p/i r^i 
C5 — C4 — C3 


1U5.3 (4) 


r^c p/i tt~i 
C5 — C4 — t e 1 


oy. 1 {5) 


C3 — C4 — r e 1 


oy.4 (3) 


/^C P/1 TJ/1 

C5 — C4 — H4 


1ZD. / 


r^i p/i Tj/i 
C3 — C4 — H4 


1 T/c n 
IZo.U 


T7/^1 A TJ/1 

rel — C4 — H4 


IZo.o 


pn pi/ pk 
C 1 / — C 1 6 — C 1 5 


lUo.O (4) 


pn pi/ r~ ,,-) 

C 1 / — C 1 6 — r e2 


oy.o (3) 


PK pil/ T?„l 

C 1 5 — C 1 6 — t S2 


oy.y (3) 


pn pi/ m/; 
C 1 / — C 1 6 — ii 1 6 


1 O 


pic pi/ U1/; 
C 1 5 — C 1 6 — ii 1 6 


IZd.o 


r- ,,~1 PI/ u 1 / 

r e2 — C 1 6 — ii 1 6 


1 T/C 1 

IZo.l 


p/: p~7 pi 1 
C6 — C / — Cl 1 


11/^1 //1\ 

11 0.1 (4) 


P/; P"7 TJ"7 A 

C6 — C / — ii / A 


1 no 1 
lUo.l 


pi 1 p~7 in a 
Cll — C / — ii /A 


1 no 
lUo.o 


P£ P"7 U7D 

CO — C / — ii lis 


1 0 

1U /.o 


PI 1 P"7 UTD 

Cll — C/ — ii/B 


1 no £ 
lUo.o 


T_n a p"7 mr> 
ii /A — C / — ri ID 


1 n*7 c 
1U/.D 


pn pn pi/i 
C22 — C23 — C24 


1 m c /c\ 
1U/.J p) 


pn pn r- ,,-i 
C22 — C23 — i S2 


*7n i /i \ 
/U.Z (3) 


PT/i pn i~ , ,i 
C24 — C23 — i e2 


/n 1 p)\ 

oy.i (3) 


pt> pn T_rn 
C22 — C23 — H2i 


1 O 


pi/i pn T_rn 
C24 — C23 — H2i 


1 T/i O 

IZo.o 


r- pn urn 

is2 — C23 — H2i 


IZo.Z 


pn pn pin 
C22 — C2 1 — C2U 


1 nn /i 

iuy.4 (0) 


pn pn r~ i 
C22 — C2 1 — i S2 


*7n o 
/U. / (3) 


pin pn r-,,o 
C2U — C2 1 — r e2 


*7n 1 

70.1 (3) 


P11 ni T-TTI 

C22 — C2 1 — ri2 1 


1 0^ A 

125.4 


PTn pn mi 
C2U — C2 1 — H2 1 


1 1C 1 

125.3 


r~ i pi 1 ui 1 

re2 — C21 — ii21 


1 1/; n 
126.0 


A| p/ p 1 

Ul — C6 — Cl 


1 11 1 sz\ 

122.1 (5) 


A| p/ p-7 

Ul — C6 — C/ 


n i n 
121.y (5) 


P| p/ p-7 

Cl — C6 — C/ 


1 1 / n / A\ 

116.0 (4) 


pio pin mnA 

Clo — ciy — HiyA 


1 nn 1 

ioy.1 


pio pin tji hd 

ci6 — ciy — riiyii 


1 1 n i 
110.3 


mnA pin m no 

ri i y a — c i y — ri i yts 


1 nn c 

ioy.5 


pio pin m np 

Clo — ciy — Hiyc 


1 nn 1 

ioy.1 


H19A— C19— H19C 


109.5 


H19B— C19— H19C 


109.5 


C20— C24— C23 


106.8 (5) 


C20— C24— Fe2 


69.7 (3) 


C23— C24— Fe2 


70.3 (3) 


C20— C24— H24 


126.4 
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C2 — CI — rel 


69. i (2) 


Czj — C24 — H24 


1 t/; o 
126.5 


Co — CI — rel 


122.9 (3) 


r ez — C24 — H24 


125.U 


C3 — C2 — C 1 


1 n~7 i i a \ 
1U /.3 (4) 


/""H r^T> r^Ti 
Cz 1 — C22 — Cz i 


1US. / (6) 


r^l T7 a i 

Cj — Cz — rel 


IV. 2 (i ) 


r"">") r a i 
Cz 1 — Czz — r ez 


/U.U (J j 


CI Cz — rel 


69.5 (2) 


Cz j — Czz — r ez 


6y. / (3) 


C3 — Cz — rlz 


120.0 


PT1 r^T> UT> 

Cz 1 — Czz — rlzz 




r^i /~"> i_n 
CI — Cz — Hi 


126.1 


r^Ti m 

Czj — Czz — H22 


126.U 


rel — Cz — Hz 


125.5 


r ez — Czz — H22 


126.1 


C8— CI 2— Cll 


108.0 (4) 


C21— C20— C24 


107.7 (6) 


C8— CI 2— Fel 


69.5 (3) 


C21— C20— Fe2 


70.5 (3) 


Cll— C12— Fel 


69.4 (3) 


C24— C20— Fe2 


69.0 (3) 


C8— CI 2— H12 


125.8 


C21— C20— H20 


126.1 


Cll— C12— H12 


126.1 


C24— C20— H20 


126.3 


Fel— C12— H12 


126.1 


Fe2— C20— H20 


125.2 



Hydrogen-bond geometry (A, °) 

D—H-A D — H 

C4— H4-02' 0.93 

C14— H14-02" 0.93 

C20— H20-C11 0.93 
Symmetry codes: (i) x, -y+2, z-1/2; (ii) x,y-\, z. 



2.51 
2.63 
2.76 



D-A 
3.333 (6) 
3.424 (6) 
3.602 (8) 



D — H-A 
148 
144 
152 



Table 2 

Selected geometric parameters (A, °). 

2-Chloro- 1 -ferrocenylethanone 

Fel-Cgl 1.643 (1) 

Fel-Cg2 1.648 (2) 

Cgl-Fel-Cg2 178.06(11) 



Acetylferrocene 
Fe2-Cg3 
Fe2-Cg4 
Cg3-Fe2-Cg4 



1.646 (2) 
1.653 (3) 
179.11 (15) 



Cgl, Cg2, Cg3 and Cg4 are the centroids of the C1-C5, C8-C12, C13-C17 and C20-C24 rings, respectively. 
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